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LU, LV, MA, MD, MG, MK, MN, MW, MX, MZ, NA, NI, 
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= 10... CONTROL CIRCUIT 

(57) Abstract: The present invention realizes a small-sized transformer and a switch that exhibits a zero voltage switching, thereby 

T«H achieving a size reduction, an enhanced efficiency and a noise reduction. There are included a series circuit connected across a DC 

power supply (Vdcl) and comprising a primary winding (5a) of a transformer (T) and a main switch (Ql); a rectify ing/smoothing 

circuit for rectifying/smoothing a voltage developed across a secondary winding (5b) when the main switch (Ql) is turned on; a 
^5 series circuit connected across the primary winding (5a) and comprising an auxiliary switch (Q2) and a clamp capacitor (CI); a 
2 series circuit connected across the primary winding (5a) and comprising an auxiliary reactor (Lx), a diode (Dxl) and a snubber 
J^? capacitor (Cx); a series circuit connected across the auxiliary switch (Q2) and comprising a diode (Dx2) and the snubber capacitor 

(Cx); and a control circuit (10) for alternately turning on and off the main switch (Ql) and auxiliary switch (Q2). During on-state of 
O the main switch (Ql), the snubber capacitor (Cx) is charged. During off-state of the main switch (Ql), the snubber capacitor (Cx) is 

discharged into the clamp capacitor (CI), thereby gentling the slope of a voltage rise of the main switch (Ql). 

g(57)gfcl: h^ls*(D^Mitk*4 vT<D&nmE.*4 vT^VZ'Zimk L. #hB. fiV'fXfttio 
" iSxSmili (Vdd) (BWSSlCl$g|£tu h^>X (T) <7>1&#!a (5a) t±*<<v7 (Ql) kOJK9im 
O t. £X-T v* (Ql) *<*>LfcB#lc2 2K#f& (5 b) lzmt>£ti&n&&&&W#?Z&%L¥-7#\B\t&k, 
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NO, NZ, OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG, 
SK, SL, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, 
VC, VN, YU, ZA, ZM, ZW. 

(84) »^@fa^<D«u^Hy, ^rroasoiEiaftaA^ 

fig;: ARIPO (BW, GH, GM, KE, LS, MW, MZ, NA, SD, 
SL, SZ, TZ, UG, ZM, ZW), ->T (AM, AZ, BY, 

KG, KZ, MD, RU, TJ, TM), 3 — □ 'V (AT, BE, BG, 
CH, CY, CZ, DE, DK, EE, ES, FI, FR, GB, GR, HU, IE, 
IT, LU, MC, NL, PL, PT, RO, SE, SI, SK, TR), OAPI (BF, 



BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN, 
TD, TG). 



(5a) (DM4ffilc|frSS£;tu ttttX-C-y^ (Q2) t^7>^>f^ (CI) <t ©S^HISt . 1 33^ 
(5 a) ommzm^Jn.. aaurf h;u (Lx) fc*V;i--h* (Dx 1) txtH3>fvD- (Cx) i 

©Ifi*lJlE]|&i. fflttX-T-yf 1 (Q2) ©WaglCgMfc;*;^ 94*-* (Dx2) i/^l/-* (Cx) 

EJiJIslKt. ±X-fyf (Q1) tttBdX-f^^ (Q2) i:$3ESIc^->/^-7*-t±-l)«iJ^lHlK (10) 1 
a.. ix-c-y^ 1 (Qi) ©^Bticx-j-z^ziv^-y- (Cx) i-m^$3tmL. (Q1) ©^B^ICX 

+/^zi (Cx) 0DH!iSf7^^>f^ (CD ici&m*li:±x-f (Qi) ©ma±#0)iil££ 
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w m # 

[oooi] *mmte. /«> fcjjxt^v^vwmmvmr** 

[0002] miK%M<D^(Dm(D^y^>^mMmm(D^m^.m^-r(^nxmu 

^T<D1^^5a(^nl)^LTMOSFET(iUT> FET»-f3o )^<b&3 
3=*^y3-Qll)mimt5tl, l!kmm5a<Dmmzfe. imnR2RXJP^ ; f^C2^tb 

[0003] ^7>'^TO1^^5a^^7^T02^#a5bi:^*^V^(e:|II+B«J£^^ 
[0004] fWfliigi&iOOttu H**Uev NjRIUeSS&tJ^^hjtr^Sr^rU 

[0005] m^.. -o<t5^*^^tLfc^^^^^«M^moibf^^ig2^^i-^^v^ 

[0006] NF^Jt31^*3V n-c, Ql^JWf #R:J;9^xY JS^Ql^^U, tg^«MVdc 
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o 

[0007] #35, R#^Jt31/^£>B#^Jt32-Ci3\ lfc&m5a<D^^y^QlW&~mitt*), & 

+ ffllj fctjlZtctb % 5b^Dl^L l-*C4->5bi:m^^i5fttvSo 
[0008] ^Jt32^*3V^T, ^^s^Qltt, QlffUJWf -5§-^J:<9, ^V^fild^^ 

^i^^^Lg (2^C#i^5b^^L-CV MV^^XX) (D3L*;V3?— fit. 2#C# 
H5b(c^$n^V ^c*. ^-r^--KD3^LT=i^'7 ; Vi?-C2^^x:ib^ 0 
[0009] B#£ijt32— Np^Jt33-ef*. ^^T^Ql^^feSfcJ?), m^Qli^l^ 

#^5a^n§Stoli«^^/^ 0 &3o N NF^Jt32^)^^Jt33Ti*, L1^C4-+ 

[ooio] z.<d tz^y^-ymmmmz-kfrte, ^^m^ (c2, r2) au 
*nu~rz>z.h&x%z> 0 

m2m^y<7->y*mM(7)m*\m&b^m : g p. 27 1112. 2 

##fF^m2:m^l§^r^^^^^l/^w-^j^m^ffiM±, 2. 2. 
lffeMb*^— ^ p30 ®2. 5 

[0011] L/^U^ib. il{^t^f^«HgI(-feotij:, =i>7*>'-V-C2K3E.n£ 

titcnffi*m.ffiR2iz.£*oxmm£itz>tctb. s^asit *ut, ^m&iz. 
i&mzitmirttfr, ^mikZ3ftt\.x&&m&mz±.%-&ittc.m&ia^ 

[0012] £fc, b : 7^T(Di^m5a{zmth^>hy^mmmmi'i. miiz&irx?^ ^ 
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mMmzm'j>^xnv\z:tez> 0 h7^TOt$ii % gi3(^-rj:5{-> b-h# 

[0013] h7^<D/J^^^-r^<D-^omiE^^v^Brtg^L, 

^^ly^-f-t^mm^mm^tcmsm^m^ mmm^j^y^mm^ 
mm^^^tmmmm^y^t^KK^y^y^^mmm^t^m 

m^^y^<Dmfr±&(Dim%mft^z^b&<&mb'rz>o 
[0015] m^m2(Dmmx^ mmmmm^n, mmwm^y^^^xmmhy^ 

x^y^*^vmfc*4iy^y*tt%^b&'®mb-rz> 0 

[ooi6] wMm3<Dmwxte. mtmffi^mm&fe. mmh9^<D2i[kmmb3^.mmb 
<Dm5W.pm&b. z(Dm5mm\m&<Dmmzmm&titzmmm^*-\?b^m 
^^■y-bcDmmmm&b, iftmmz^mbm^mmmbnmm&bmmwi 
mm^4^-^bmm^^^^b<DmmMbiz^m^titcm2mmy^- 
Yb*m-tz>z.b*m®Lb-rz> 0 

[0017] m^m.A(D^mx\^ mmh9>^<D^TKiWimh9>^<Dii[k^mbmm2^:m 
mb&v~^-i?4>yy-*>x&h^£?i^\E\t$ti, mmh9^(om^mbmm 
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[0018] m$M5<Dmmx*tz* ttimh^xiDaT&M&fD— mzmmm<D'pt;:^nft& 
[0019] n$vM.6<Dmw-e\^ wmnm<nmffi\z.&m£ti. h^x&ukmmt^^y?- 

Kmm^mu mmw^^y^^mimm^T^^r^cDwm^, m 

%-<DM%&mm£i£z>z.bzwmb-tz> 0 
[0020] m^7<Dmmx^ wsmmm^mm^i^ mmb^xwfrmmvmmzmu 

[0021] &>±nmut£5\^ t&mizttitt. nvmmx-ciy^y&Mf&xz, ^m^m 

mmm^mm-r^b^x^o 

[0022] bT^XO^TOimjmm IrI ±U b^^'bmk-t^b&X^o £ 

[0023] [Mmm, '&?&<D^y^i/y*mmkWttirm&mj&mxibz> 0 
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imsms^ mmmi<D*^y^>'y"mMmw<D^y^Qi(D?—i/*7m(D&& 

[g|9]|l|9{i N MM^n<D^y^>^9M^Wi<D^^y^Ql(D^--^^m^^^X 

[nno]inio«, mmmi<D^y^-^mMmm.(D=iT ix ^{bv^^^b-h^ 

[Eli4]i8i4r4, ^^J2<D^^>i/«M^m^^(te>^fch7^<D#it[g-efc 

So 
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[0024] wt, y^tnif mm^mvxmn 

mmm i 

[0025] nmmKD^y^-iy^mmmm.^ mmvr^h^mn. ^^y^^r^tcm 

^m^^-r^tm^ ^>^^^iz.mmimm^ntcmm^y^^r> 
tthKmmmm^m^fcm^mm^y^^^x±^y^^tim&^ 

[0026] m5femMmi(Dx4y^y*m&mm(Dm&mj$,mx3bz>o m^^-r^y^ 

i(Dmmaxy^*~h*D4tmmiz.mn£nx\<^ 0 

[0027] h7lsXTl<Dllkl&m5a(D— iQb^y^-QKD— KO^^teFET^bftS 

^ci&fr\^xmnw&vdci<DjEmfc&Wc£ivx\^ 0 ^y^o&(o^k\% 
^^^^>^ci^^xmmmMvdci(DMmKmw^fix^ ^x-bx\ \ 

[0028] ^y?-Q2<DMi®lZ.l±y<4*— KD33^lfe?!IK:SH***VXV ^5 0 ^W;*— KD 
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[0029] ^"r^G.yLhPJJr— \n}yLlh<DWfc&k#7^^ 1 ri'-y-ci}i?^v s f-Qi2b 

[0030] x-T^Ql, Q2tt, (^K^-TA) Sr*b, ftlMWIalH&lOOTW 

[0031] h^XTlOaTtett, l^#H5a^(D^{C*J-L-CPffi<^2^:#i^5b(#mn2 

)t&&m£tix&*)* 2&.mm5b<D— mntrj*— kdi©t/— kk:8n»**u *v 
— KD2<DM^{-f*yr^h/vLi^=^^c4^<Dii:^jimj^^^tvTv>s 0 ^ 

^~KDl^^-hT)2t=^V^C4^yT^^Lli:-CS^¥miHjj^^^ 
[0032] lOte, ^>'^-Ql^^^-Q2^^S^^/'^-7$lJ^]b, ^#RL(D 

SrKKU ^y^Q2^^n^^^V^©^>-i|iS^JE£<i-SJ;5^^i-5o 

m^m<ir^bx\ m±im£*~femmz.MW-rz>&D\z.t£<>x\^ 0 

react*, b-h^-^±(d^c2^^^iclt. mm&bm3m&bizm^<mffi-rz> 

[0034] ^<7>fc#>. Hig^l^h^^Tl^, nTOil^/j £i«<-r3-£K:J:9> 01 IK 

B-ST\ Sfe=iT<Dmm$MX&Z>&. ~^XfeS=ltl^ <f> =BbVtc 0 )&BmX&%Q 
U — 7£<DMMRHlzMVXMMBtf-BmXm^Z£?lzti:^X\^ 0 MRHfem 

mi(D±%£iakM\^xm$Lir% 0 ^oh^^Ti-ete, b-h#— y±&m.MB&Ba 
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B-H^7— ^±(DBa-Bbrfl^.TJ ? Bf-Bgraf*ISfP^S-efcSo 
[0035] 3&*5, ®10-ete, aTOSI*^ tf s <£V ^^^(DB-H^"^^bTV ^£5, 37 

[0036] #fc£©J:5fc*J#£;tafclSffi^ 

ymmmm.v>&%i> Km^m^?^^?^— vx^ 0 m i xsm&m 1 <o^y 

[0037] |H675Mll|8-t?» N ^fQl©M«i«tEQlv, ^fy^Ql^tl^>« 

SftQlu *>fy^Q2<Z>pia$fiBra<E>«EEQ2v* ^>T^Q2^tl/6S^Q2i, 

[0038] *1\ WJtl (B#£!ltll~ tl2(C*tJ&) ^*5V^T, ^ry^QlSr^$*5i:. Vdcl 

[0039] X-tiyf-Qltf^Utm, h7V^TKDl^J^5a^m^ftnli^^ttT, 

i-<fc5^ »JtlT*m«a(^jit), NF^Jtlb-em^ltb(^flt)^ ^Jtl3T*«« 

«\ ^Jfcte, Ba— Bb-*Bc^Bd^i^>ffcL-CV^ 0 &:*5 % 011^"t"Ba— Bg^Hl 
2{^*Ta— gfctt*fr)£L-CV 
[0040] *fc % ^<Z>£^ ^xVlJ-Cx^te, VdcWLx-^Dxl^Cx^Ql^Vdcl-eS^ft^S 

^«^(D«ffiVdcl^^7^^^^Cl^<^mffiOfPOmjEE*-C_h#i-^o 
[0041] #cKl % B#£ijt2 (t21— 124) lC*3V^ ^Ty^QlSr^-7$*5i:, h^^TKDMb^ 
^^^V^fc^jlfeh/fc^/l^— (CitJayryfCx^Sffj:, 5a^Cx^Dx 
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[0042] -^LT, ^x^Cx^mjEE^^LT, if omff^^ofc^F^-e, xMV^Q2£ 

[0043] b7^Tl(D||5a-rv^^^O^/V^-0^ttJ^^T-r^i, B#£!|t20 

— ^Jt3^3oV>T, ^7^^^xV^Cl^#^^nfcm#»^ Cl^Q2^5a^C 

[0044] B#£ljt20— ^Jt3lJl3oV ^te, ^V^^xV^Cl t^^bfrfc^/l^— 

o m^nlifi, l$^Jt20~H#^Jt2a{;i:^-rte\ SMite (if n) d^««f (AftM- 

, «Jt2^^^Jt20^*5{t^)®»Si:^Jt20— NF^Jt2a^33tt^®aS^«^L 

[0045] ^C^, m^fgnlif*, B#£ljt2a— ^Jt3^*3V ^Xfe, MMm (Aifi) >5^mMg 

{it) Kmt-t^o mn^-t-B-H^7— :/_h-ete\ a^fi, Bf^Bg— ^>fbbTv>< 

0 B#£ljt2a~ R#&Jt3{£*5tt3®^Ete, ?7l/^l/^^Cl\ZM^hfotz.^<Tl' 
[0046] , V^V-tf-C 1 tC#x.f>ttfc^/V=¥— h^^Tl (D^/l^— 

^>^^c^^m^th^^/^-^tc^<^(Dx\ m.w&mMtmz® 

ftbT, tSfP^(Bf-Bg) ^itU mSfailidSit^U NF^Jt3(^Jtlt)|^^)T'* 
[0047] r(DB#glJt3(-fi, ^^Q20m^Q2itft^:^^o ^B#^Jt-, T^V*? 
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[0048] £fc, ^y^Ql<DZVS^M^ir^±^<D^4y^Q2(D^yWM(Dm^i^ 

[0049] EI9ic^i-J;5^, =3>-T ? >'iJ-Cx<DW4^-t-^-^^:#<-r^^^J;«9. 

^Ql(D^rym<D^y^-Ql<DmM±^-(Dm^ (dv/dt)^^P$^0-C% 

[0050] £fc, =tT(D^W m SriiKU ^on^Vf-Cx^#<i-Sri!^J;«9, ayfy 

[0051] ^t^^0^^^»j2(D^^^-vi/mM^%i»B^-r^o mi3nmmm2(D^ 
m\mmmt£Z><DX\ ^<dwm^\ ^x<D^mn~rz> 0 

[0052] h^*T2&U3\ l#C#iS£5a (^#[nl) £2#C#ll5b (#|fcn2) i:3^^5c 
n3)^[pI^-CV^ 0 

[0053] ^^T2(D2?5c#^5b^3^#i^5c^OE^JteI^(DM^{-f*> 94*— KD6£=* 
^^^C4fc<^IiL^J(aI^^^$tv-CV >5 C 2&^5b£3^i^5c£<D^,&£: 

^3*— KD6£=>^V^C4£<D^^a3:, ^*--KD5^^£*LTl^ 0 1 
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*T ) ^fflbTV b7^T2<D3fr%m5c&lfr%m5ab^m&&t$ J ±X\, ^ 

[0055] ^©j:5^*^$n^iiJfeM2w^y^^mKse©»f^*tftW'rso 

[0056] *f\ ;MV^Ql£r^£i£5£, Vdcl-^5a-*Ql-*Vdcl-e«iift^^^o *fc, 

jasmin, z.<Dtz$>, y^*— b*D5<DnM&m&mz.mjcrz> 0 

[0057] ^^QlSr^^S^ ^>-^T2<7)l^a5a^^2^^5bF^(Z)y 

— ^—^^^^^{jl^^^tVfc^/V^— H7^T2^bT 2M iZMWt 
ZtlZo h7V^T203^i^5c^«JE^^$4xSfc«). 5c^D6^C 

[0058] b^>^T2(Dl^m5aiz:mm{cm^^^y^^^U^^< 

[0059] iai4«^^j2(D^^^SM^ra^^fch7^^#^IE|-Cfc6o 01 
4^^i"^>'^T2« > 0 <£>3^£>=iT30£r^rU =*T30<D=iTg|530aia3:. 
i^5ai!3^#^5c^^3fi^Lr^IeI$tLTV^ 0 ^ltb^J;9, l#CRX*3ft.l&imizt> 

y:^3l!&S7&fc**K ^jg=JTU:W:2«k#j»5bifiS^lHl*tt'rv^o fiP*>> ^730c 

t^o, i#z^m5at2i!kmm5b&m&&£ j £z>zkfc£*). v—^-^m^^^ 
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[0060] hv^T2(D^T30i^hy^T2(Dl^mB5at2ik^^5btm—^^M^ 

[0061] W-m^T±X*R^Ukmm5at21klgm5bb<Dmi^ DflgP30b^2@^f^ 

[0062] ^<dx?^ h?>-x.T2(D=iT<Dmvtbmm<DT.^£i9^ ^y^^mmmm^b 

[0063] mz*mm<Dmmffl3<Dx4v^ym%mw&nwi-z>o mi5^mmm3(D^4 

mmm*. msi^irmMMi<v^y^y"mMmmz.ttL-x, v7^t3<d2^ 
w®m&W£Z><r>x^ *:<Di®fr\a^x<D&.mw-rz> 0 

[0064] h9>XT3(D=iTia-±, lfr&m5ab^<DmmzttVXmm<D21[kmM5bmWCn2 

)k*m\misthxm. 2^kmm5b(D-^ny^-VDi(DTy—h^m^n, fa 
vui(D^y—h't2^mm5b<Dm^ti^>^>^c4} l z.mm.^fhx^ >5 C ?4 

-h*ni<D&ffiW£&¥ffi\^xm.mmt)ttffiKLKMt)-rz> 0 
woes] m^(Dx^mm^titcmmm3(D^4y^FmMmm(Dmi^mi67b^mi 

^y*^—hx&z> 0 m\B,\^mmm3(D^y^y'mMmu<D^y^-Q\(D^-- 
^ym(o^m^^m^<Dmm^ir^^y*^—hxh^ 0 

[0066] 0167!>Miai8Ti*, ^y^QKOnW^WRQlw, ^-iV^QlfcSfMx 

SfltSfEQli. y^Cy?-Q2<Dm$%r$<Dm&.Q2v. ^y^-Q2\zMftZ>nMQ2u 
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Sfttl/SltiSftDli^r^UTV N £ 0 
[0067] mi67b^mi8<D?^^y^— hit. mQJb^M^co^^V^^— MOfcEJEfc 

[0068] £T , B^Jtl (B##Jtll~tl2f;i*fJ&) fc*5VvC, ^y^Ql«r:*->'£*3fc, Vdcl 
[0069] B#£ijt2(t2l— 124) Ki^v^T, ^y^QlSr^^irr, 3^V^Cx(clJ: 

bth^ ^5/^Q2^VLfcNF^h^^T3(D2^#^5btCtll^$tv5o -Ofcft, ^ 
[0070] ^J;9{C^^j3(D^>r^^«M^gl-*5V>-Ob, ^Jfe^io^Ty^^m 

[0071] *mw<D^y^ymMmm&. nc-Dc^mm^mMmm-^Ac-Dc^m 
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^^^<Dm&±^(Dm^m^^^b^mbir^^y^>y'mMmmo 
ttommwm&te, mm^m^y^^^xmmh^^^r^m^i^m 

^y^>y"^^b^W^bir^m^mm<D^y^y'mMmm:o 

m^t,mm^mbmm^mb(Dmm^bmmmmmy^-vbmm^ 

zmMmixtemMm2mm(D^y^i/y*mMmmo 
i*mYTs*<D^TKttMmYT^<Difrmmbm 
^^^o^^m^tv, mm^wi&mubiftu^mmbiimui&.m- 

mmhy^(D^T(Dm^<D-mmmm<D^f^^^m^^b^wmbir^ 
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ffim±x^y^<nffi^xtewmh9^x(D \frmn<ommz.mms^ mm*4y 
mKmmt$titc.m4m.Fm&b. 

mmm^y^bmmm2^y^b^Kiz^x^^^mmm^b^mx., 

mmi&^mu mm^^y^^ym^mm^^^^^m^mm^ 
b-tz^y^ymMmmo 
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